
. 
';fow'ards a N e w  Understanding of t h e  Formation o f  Aspherical   Planetary 

Nebulae  from AGB s t a r s :  The Impact  of H S T  

Raghvendra  Sahai 
Jet Propulsion  Laboratory, M S  183-900,  California  Insti tute  of  Technology, 
Pasadena, CA 91109  

Fo l lowing   t he   succes fu l   i n s t a l l a t ion  of t h e  Wide Fie ld   P lane tary  Camera 2 
(WFPC2) aboard  the  Hubble  Space  Telescope ( H S T )  i n  D e c  1993, a s u b s t a n t i a l  
and  growing number of  young planetary  and  proto-planetary  nebulae  have 
recent ly   been  imaged a t  optical   wavelengths  with  unprecedented  high  angular 
resolution  and  dynamic  range.  These  studies,   undertaken  through t h e  
Guaranteed T i m e  Observations (GTO) and  Guest Observer ( G O )  programs, 
include  program  focussed on s p e c i f i c   o b j e c t s ,  as w e l l  as survey  programs 
through  the SNAPshot observing mode of H S T .  

These data i n   g e n e r a l ,   a n d   i n   p a r t i c u l a r ,   r e s u l t s   f r o m   a n  H S T  WFPCZ 
H-alpha SNAPshot imaging survey of young p lane tary   nebulae  ( P N e )  by Sahai  
and  Trauger  (1998) show t h a t  young P N e  have  highly  aspherical   morphology. 
The WFPCZ images of these young PNe, selected only  on t h e  basis of   their low 
e x c i t a t i o n   c h a r a c t e r i s t i c s ,  are c h a r a c t e r i s e d  by mult ipolar   bubbles  
d is t r ibu ted   roughly   po in t - symmetr ica l ly   a round  the   cen t ra l  star. I n  s o m e  
o b j e c t s ,   b i p o l a r   a n s a e   o r   c o l l i m a t e d  radial s t r u c t u r e s  are s e e n ,   i n d i c a t i n g  
the  presence  of  jets, whereas i n   o t h e r s   b r i g h t   s t r u c t u r e s   n e a r   t h e   m i n o r  
axes i n d i c a t e   t h e   p r e s e n c e   o f   d i s k s   o r   t o r i i .  Detailed imaging  of  bipolar 
PPNe such as CRL2688, as w e l l  as a r c h i v a l  data from a SNAPshot survey  of 
PPNe, show t h a t   t h e  development  of  complex a.symmetries d u r i n g   t h e  PPNe 
phase.  The  complexity,  organization  and symmetry of t h e   t h e s e   s t r u c t u r e s  is 
fo rc ing  a s h i f t   i n   t h e   c u r r e n t  paradigm t h a t  a p r e - e x i s t i n g   e q u a t o r i a l  
d e n s i t y  enhancement i n   t h e   d e n s e  wind of t h e  AGB progeni tor  i s  the   p r imary  
agent   for   p roducing  asymmetric p lane tary   nebulae .  

I n   t h i s   p a p e r ,  w e  cr i t ical ly  r e v i e w  t h e  HST data ,   and show t h a t  it 
suppor ts  a model f o r  PN format ion   in   which   the   p r imary   agent   for   shaping  
P N e  are high-speed  col l imated  outf lows  or  jets which  operate   during  the 
l a t e  AGB and/or  early post-AGB evolutionary  phase.   These  outflows carve out 
a complex   impr in t   wi th in   an   in t r ins ica l ly   spher ica l  AGB circumstellar 
envelope ( C S E ) .  Subsequent  expansion  of a hot,   tenuous s te l lar  wind  from 
t h e  post-AGB star ins ide   t he   impr in t ed  AGB CSE then  produces  the  observed 
PN,  whose shape  and  s t ructure   depend  in  detail on how t h e   c h a r a c t e r i s t i c s  
of t h e  jets change  with t i m e .  


